
Variability of Available Soil Phosphate
Among-Field Variability. Soil test P

(STP) varies greatly within and among
fields. Figure 1 shows the variability of
STP among 50 wheat fields tested from a
major wheat growing county (Garfield) in
Oklahoma in 1996. Re-
sults are from composite
soil samples representing
the surface soil (0 to 6 inch-
es) of fields averaging 80
acres in size. It is not sur-
prising that variability is
quite great among fields in a
county with 450,000 acres
of wheat. This variability is
a result of large scale differ-
ences in soil types, past
production levels and fertilizer use.

Within-Field Variability. Variation
in STP on a smaller scale is illustrated in
Figure 2a, which shows STP values for

50 samples taken from 10 x 10 foot plots
along a 500 foot transect in a 50 x 500 foot
area used for correlating STP and wheat
forage yield. Although not as great as the
among-field variability, within-field vari-
ability in this small area included a 4-fold

difference between the
lowest and highest value.

Treating Field
Variability

Variable Rate. It is
well established and
accepted that STP vari-
ability among fields will
diminish if high testing
fields receive less, or no
fertilizer P, and low testing

fields receive more, relative to past fertil-
izer P inputs. Similarly, if areas within a
field are fertilized in relation to variable
STP values, variability might decrease in
time. This hypothesis was tested by apply-
ing a response model to the data in
Figure 2a.

The model uses soil test values which
have been calibrated on a percent suffi-
ciency basis, whereby yields at each soil
test level were expressed as a percent of
the maximum yield obtained when ade-
quate, but not excessive, fertilizer P was
applied. For example, the soil test value of
20 is 80 percent sufficient. Without P fer-
tilizer, the predicted yield would be 80
percent of the 40 bu/A yield goal (0.80 x
40 = 32 bushels). The soil test calibration
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O K L A H O M A

Expectations of Precision 
Phosphate Management
By Mick Goedeken, Gordon Johnson and Bill Raun 

Several questions accompa-
ny the advent of precision
agriculture in crop produc-
tion...how variable are fields;
what happens when this vari-
ability is treated? This article
examines variability of avail-
able soil phosphorus (P) and
some of the expected out-
comes of its treatment.
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Figure 1. Soil test P variability among 50 soil 
tests for wheat in Garfield County, 
Oklahoma (1996).



identifies a rate of 40 lb/A P2O5 broad-
cast-incorporated would be needed to cor-
rect the deficiency for one year. 

We then use the model to calculate
wheat yield, P removal, and change in
STP for each 10 x 10 foot plot as if it had
been fertilized and with a wheat response
according to local STP calibration
(Mehlich III or Bray P-1) for a projected
50 year period. The yield potential was
assumed to be constant across the field at
40 bu/A and P the only yield limiting fac-
tor (acknowledged unrealistic assump-

tions). Grain P concentration was assum-
ed at 0.4 percent for calculating P
removal. STP was assumed to decrease
one unit for every 20 lb P2O5 removed by
the crop in excess of fertilizer addition,
and STP was assumed to increase one unit
for every 20 lb P2O5 added to the soil in
excess of crop removal.

Because grain harvest does not
remove large quantities of P, and relative-
ly small amounts of fertilizer P are
required to correct the annual crop defi-
ciency even in low STP areas, there is lit-
tle change in STP variability the first 10
years (Figure 2b). After 20 to 30 years,
most of the STP variability in the field has
been removed, and after 50 years the lev-
els of STP are almost constant across the
field (Figure 2c).

These projections support the
hypothesis that variable rate P fertiliza-
tion, according to some measure of poten-
tially available soil P, should reduce the
need for variable rate applications. 

Constant Rate. When a constant
rate of P fertilizer is applied to a field
made up of many areas that differ in avail-
able soil P, variability in STP for the field
does not change over time. Using the
same approach as for developing Figure
2, the effect over time of a constant 46
lb/A rate of P2O5 (100 lb/A of DAP is a
common rate) was evaluated (Figure 3).
This figure shows variability remains
almost the same after 10 years. 

Field Element Size. Of particular
interest to the consideration of precision
agriculture is the treatment resolution, or
field element size. That is, how small
should grids be to best identify variability
in the field, and what is the smallest size
that should be treated? To examine these
questions, the response model was used to
calculate projected wheat yields, P2O5
applied, and marginal profit associated
with variable rate treatment for the 50
plots measuring 10 x 10 foot when a 
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(a) Year 1

Better Crops/Vol. 82 (1998, No. 1) 29

0

10

20

30

40

50

60

70

80

1 5 9 13 17 21 25 29 33 37 41 45 49
Cell ID

So
il 

te
st

 P
, l

b/
A

(b) Year 10
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(c) Year 50

Figure 2. Effect of variable rate treatment on 
field variability with time.



constant P2O5 rate was applied to smaller
and smaller sections of the field. 

Initially the average STP of the 50
plots (47 lb/A) was used to identify a
“field” rate of P2O5 to apply. Yield for the
field was predicted by using the model to
calculate response for each plot based on
its STP value and summing these values.
Yield without P2O5 addition was similarly
calculated for estimating the marginal
return from fertilizing. Next, the first 25
plots and the last 25 plots were treated as

separate areas of the field, each receiving
a constant P2O5 rate based on the average
STP for the 25 plots involved. Smaller and
smaller areas of the field were indepen-
dently treated until finally each 10 x 10
foot plot was treated separately. Each time
smaller groupings were considered, pro-
jections for the treated area (field element
size) were made. Yield, P2O5 and margin-
al profit totals for the field were compared
to that obtained when a single P2O5 rate
was applied to all 50 plots. These results
show that as the field element size
decreases, there is a gradual and then
rapid increase in total yield, P2O5, and
profit (Figure 4).

Discussion and Conclusions
General. Crop yield and profit are

maximized when the ability to treat small-
er units increases to that size representing
the smallest identifiably “different”. That
is, maximum economic yield (MEY),
based on marginal profit from fertilizer, is
achieved  when the smallest variable unit
is treated. This assumes costs of identify-
ing and treating small variable units in a
field are negligible compared to conven-
tional approaches.

Among-Field Variability. When
the above conclusion is applied to vari-
ability among fields, it indicates that when
fields have different fertilizer needs they
should be treated differently. Although
this may seem clearly obvious, a survey of
Garfield county wheat producers, partici-
pating in a free soil testing program,
showed: 1) only 58 percent of the fields
had been soil tested within the last three
years; and 2) 67 percent of the partici-
pants treated the five fields they had test-
ed the same, even though tests indicated
large differences in fertilizer needs.
Results illustrated in Figure 4 also indi-
cate that as more and more individual
fields in a community (or fertilizer dealers
retail area) are regularly soil tested and
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(a) Year 1 (46 lb P2O5)

Figure 3. Effect of constant rate treatment on 
field variability with time.
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(c) Year 50 (46 lb P2O5)
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treated according to the
soil test recommenda-
tions, there should be an
increase in fertilizer use
efficiency and farmer
profit. If, on the average,
fields in the community
need fertilizer, then indi-
vidual field treatment,
rather than using a com-
mon fertilizer program for
groups of fields, will
result in increased sale of
fertilizer.

W i t h i n - F i e l d
Variability. Variabil-ity
of STP in fields has been
shown to exist over dis-
tances of only a few feet (Figure 2a and
other intensive soil sampling data). While
identification of soil P deficiency by con-
ventional means at this level of resolution
may be cost prohibitive (435 soil tests per
acre), separately soil testing large portions
of a field that appear to be different based
on visual observation of soil color, soil
type, or crop yield, should be economical.
Results in Figure 4 were obtained by
systematically reducing the treated area
in half, without regard to whether a group-
ing of cells by STP level could be done. In
many field situations, large areas can be
logically identified for soil testing and fer-
tilizing independently based on soil sur-
vey and yield monitor maps.

High resolution field element size,
such as 10 x 10 feet, may be economical
to manage in precision farming when
nutrient deficiencies can be identified at
low cost, such as with GPS-coupled, sen-
sor-based mapping. When that is possi-

ble, it may be important to speed the tran-
sition of buildup and depletion shown in
Figure 2 by adding higher rates than
required for annual correction of deficien-
cies. If uniformity could be achieved in
five years, then a constant rate could be
used. With this approach, costs associated
with each application of variable rates
could be minimized.

Finally, this treatment of data clearly
shows farmers will benefit economically
in relation to the extent to which they are
able to detect and treat variable fertilizer
needs on the land they manage. Until new
technology replaces conventional soil
testing, its value for increasing yields,
farmer profits, and fertilizer use could not
be more clear.

The authors are researchers and members of the pre-
cision agriculture team at Oklahoma State
University, Stillwater.
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Figure 4. Relative effect of field element size on field yield, P2O5 used, 
and marginal profit.


